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Abstract 
Trichoplax adhaerens is a small marine animal with a flat body (about 2mm in diameter and 25µm thick) composed 
of a few thousand cells organised in two epithelial sheets (1). One striking feature of Trichoplax is its morphological 
plasticity, single individuals being able to dramatically change their body shape in a few minutes (1-3). Despite the 
absence of a defined nervous system, several neuropeptides belonging to different families (Insulin-like, 
Endomorphin-like, YYamide, RWamide, SIFGamide, etc) are produced by scattered secretory cells and modulate the 
animal shape and behaviour (4, 5). The project aims at exploring how neuropeptides affect the shape changes and 
collective movements of Trichoplax epithelial cells, eliciting distinct, rapid and reversible effects such as shrinking, 
flattening and increase or arrest of the intra-epithelial cell movements. We will exploit a panel of experimental, 
computational and modelling approaches to study how different selected neuropeptides affect the shape and 
collective behaviour of Trichoplax epithelial cells. 
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Objectives
The project aims at using a combination of experimental, computing and modelling approaches to explore 
how treatment with different neuropeptides affects epithelial cell shape and collective behaviour in the 
morphologically highly plastic, early diverging metazoan Trichoplax adhaerens. This study will shed light on the 
evolutionary history of neural signalling in animals, and on how complex, coordinated collective cell 
behaviours can be maintained in the absence of a connected neural network. 
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Proposed approach (experimental / theoretical / computational)  
Animals will be treated with variable concentrations of neuropeptides known to induce clear whole-body effects: 
LF-amide (flattening); PWN-amide (shrinking); FFNP-amide (increased epithelial movements)  and LFNE-amide 
(arrest of epithelial movements) (4). The outcome of the different treatments on animal and cell motility will be 
assessed with a software for unsupervised tracking developed by P. Roudot and  A. Pasini. Treated animals will 
also be fixed, subjected to IF with an antibody against MAGUK (Membrane-Associated GUanilate-Kinase) or with 
fluorescent phalloidins to stain the epithelial cells outlines and actin cytoskeleton (1), then imaged in confocal 
microscopy and segmented to measure different cell parameters and shape descriptors. The underlying tissular 
mechanical states will be assessed with a Bayesian force inference approach. Also, live animals stained with Cell 
Mask Orange (cell outline) and SiR-actin (actin cytoskeleton) will be filmed by Spinning Disc Roper confocal 
videomicroscopy. This interdisciplinary approach will inform on the cellular bases of neuropeptide-induced whole-
body shape changes.

Interdisciplinarity  
The project highly interdisciplinary as it combines experimental biology, advanced tracking approaches and 
mathematical modelling. This combination has never been applied to Trichoplax and promises to shed light 
on the individual cell- and collective behaviours underlying the whole-body shape changes induced by 
neuropeptides in this basally-diverging animal. The supervisors of the project have complementary 
background to cover project mentoring and significant experience in interdisciplinary research : 
developmental and cell biology of aquatic organisms for A. Pasini, in silico modelling applied to biological 
problems for R. Clément and computer vision methods for analysis of biodynamics for P. Roudot. Recent 
collaboration among the three supervisors have proven very fertile. A.Pasini /R. Clément: co-supervision of C. 
Rulquin, post-doc (Chuyen et al. Dev. Cell 2021); ongoing co-supervision of M. Leria, PhD student. A. Pasini/
P.Roudot: co-supervision of L. Neschen, M2 student. 

PhD student’s expected profile 
Applicants should have a background in either biology or physics/biophysics, with a strong interest for 
computational biology. The project is suitable for biologists with a strong interest in quantitative biology, or for 
physicists with a strong motivation to carry out biological experiments. A passion for evolutionary studies of 
marine organisms and previous knowledge of neuropeptide signalling would be an advantage. Ability to 
communicate in English is mandatory.
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Is this project the continuation of an existing project or an entirely new one? 
In the case of an existing project, please explain the links between the two projects 

A. Pasini and R. Clément are co-supervisors of Marvin Leria, a third year CENTURI PhD student working on 
the re-organization of cytoskeletal and planar polarity in Trichoplax epithelial cells during mechanical wound 
reparation. The proposed project will expand the knowledge and tools developed during the ongoing one all 
while addressing a much more physiologically relevant situation.
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Project’s illustrating image 

T. adhaerens genome also contains all determinants of transmis-
sion via classical neurotransmitters [10], it will be essential to
scrutinize whether the animal combines elements of peptide
and classical transmission. The peptide-containing cells
described herein might represent specialized, non-neuronal
secretory cells or neuroendocrine-like cells. These cells may
be able to co-release both types of transmitters, as is found in
neurons and endocrine cells in animals with nervous systems
[32].
Altogether, our data demonstrate that cell-type diversity in

placozoans is higher than previously inferred [7, 8] and that
several specialized cell types, regarded as the ‘‘basal building
blocks of multicellular organisms’’ [33], have already emerged
in this phylum. Indeed, a recent single-cell transcriptome study
also revealed the presence of several hitherto unexplored

lower-frequency cell types expressing unique signaling peptides
[34] (Figure S4). In T. adhaerens, several populations of topo-
graphically organized peptide-secreting cells can strongly
modulate the animals’ movements. Our results suggest that
peptidergic signaling is an important mode of communication
for placozoans, as is the case for cnidarians and bilaterians
[11, 35–39].

STAR+METHODS

Detailed methods are provided in the online version of this paper
and include the following:

d KEY RESOURCES TABLE
d CONTACT FOR REAGENT AND RESOURCE SHARING

Figure 4. FFNPamide, ELPE, MFPF, and WPPF Provoke Flattening and Different Forms of ‘‘Internal’’ Movement, Such as Churning, in
T. adhaerens
Responses of T. adhaerens to a single application of 20 mM FFNPamide (A–D), ELPE (E–H), MFPF (I–L), or WPPF (M–P). Representative images (A, E, I, and M),

area (B, F, J, and N), and speed (D, H, L, and P) over time of an example individual. Average numbers of flattening events (C, G, K, and O) before (0–150; control)

and after peptide application (15–300 and 30–450) (mean ± SD). For FFNPamide (C), n = 20 animals in 3 trials; for ELPE (G), n = 42 animals in 5 trials; for MFPF (K),

n = 39 animals in 5 trials; for WPPF (O), n = 46 animals in 4 trials. Although all 4 peptides invariably yield more frequent flattening, each of them induces specific

alterations in shape andmovements that can be observed in Videos S1 and S2. Scale bars represent 250 mm (A, E, and I) and 170 mm (M). Statistical tests applied:

Wilcoxon for FFNPamide, ELPE, andWPPF;Mann-Whitney for MFPF; *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001. See also Figures S2 and S3 and Tables S1

and S2.
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